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Leaf expansion in Maize

Monocot : period of linear expansion

Possibility to follow leaf expansion rate with 
a 15 minutes definition  

Experimental set-up for 360 plants together
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Leaf expansion in Maize under drought conditions

Sadok et al. submitted
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Reymond et al. 2003 Plant Phy

LER = dl/dt = (T-T0)(a + b VPDair-leaf + c )
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LER = dl/dt = (T-T0)(a + b VPDair-leaf + c )

Tleaf VPDa-l 
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a = ā + Σ  QTL c = c + Σ  QTL¯
b = b + Σ  QTL¯

Welcker et al. 2007

Leaf expansion in Maize under drought conditions
QTL related to env. responses

1 genotype  1 set of 
parameters of response 

curves (parameter ‘indep.’ of env.)



Leaf expansion in maize under drought conditions
QTL related to environment responses
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Leaf expansion in maize under drought conditions
QTL related to environment responses

QTLs of leaf length were not 
stable among experiments

Reymond et al. 2004 J. Exp Bot
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Modelling the effects of the genetic variability –
Example: Leaf expansion rate in maize

Reymond et al. 2003 Plant Physiology 131:664-675.
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Modelling the effects of the genetic variability –
Example: Leaf expansion rate in maize

Reymond et al. 2003 Plant Physiology 131:664-675.
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Leaf development in APSIM
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Leaf development in APSIM
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Leaf development in APSIM

22

Leaf number

thermal time

Total 
leaf 

number

1/LAR2

le
af

_n
o_

ra
te

_c
ha

ng
e

1/LAR1

1/LIR

Keating & Wafula 92

Duration of 
leaf production

TLN

Leaf development Leaf growth

Leaf initiation 
rate & duration

total leaf 
number

final leaf 
area profile



Leaf development in APSIM
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Leaf development in APSIM
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LER=0
Leaf n

LER = (Tleaf-T0) (a + b VPDair-leaf – c )

Chenu et al (2008) PCE 31:378-391.
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Normalized leaf elongation rate
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Expansion of the 
leaf visible part

New APSIM module for leaf development
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LER = (Tleaf-T0) (a + b VPDair-leaf – c )

Chenu et al (2008) PCE 31:378-391.
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Leaf area =  lengthlimb * widthlimb

New APSIM module for leaf development

Expansion of the 
leaf visible part
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Test of the model

- 1 situation => Parametrisation of the model
- 11 situations => Test of the model Montpellier

Grignon

Mauguio

Exp. Location Sowing date Treatment Radiation Rain Temperature VPDair-meristem

(MJ m-2) (mm) (°C) (kPa)
GR92ap Grignon, North of France April 27,1992 control 21.1 62 15.6 1.098
GR92ap Grignon, North of France April 27,1992 water deficit 21.1 0 15.6 1.111
MP94jl Montpellier, South of France July 19, 1994 control 20.7 30 24.8 2.551
MP94jl Montpellier, South of France July 19, 1994 water deficit 20.7 30 24.8 2.66

MP95ma Montpellier, South of France May 16, 1995 control 22.7 39 20 1.49
MP95jn Montpellier, South of France June 20, 1995 control 23.9 13 24 1.95
MP95jn Montpellier, South of France June 20, 1995 water deficit 23.9 13 24 2.054
MP95jl Montpellier, South of France July 10, 1995 control 21.6 88 24.7 2.066
MP95jl Montpellier, South of France July 10, 1995 water deficit 21.6 88 24.7 2.086

MA97ma Mauguio, South of France May 14, 1997 control 19.1 151 19.5 1.359
MA97jn Mauguio, South of France June 18, 1997 control 21.3 65 22 1.596
MA98ma Mauguio, South of France May 20, 1998 control 23 47 21.1 1.7

31Chenu et al. PCE 2008
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evaporative demand water deficit

=> Capacity to simulate G x E
for leaf area & yield 
=>  G-to-P prediction

Test of the model



Welcker et al. 2007
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Reproductive development

 Common QTLs for ASI 
and the response of leaf 
elongation under water 
deficit

 Effect of the QTLs of ASI integrated in APSIM.



Complex interactions between the QTL for a, b, c and ASI

QTL effect size are relative to line width 

Trait

QTL

positive effect
negative effect

34Welcker et al. J. Exp. Bot. 2007

QTL network for leaf and silk elongation
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• Cross-over interactions for yield
• Genetic variability simulated 

highly varies across env.
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Evaluation of the effect on yield in Sete Lagoas - Brazil

FT
S

W 0.0

0.2

0.4

0.6

0.8

1.0

1.2

Thermal time before/after flowering (ºCd)
-800 -600 -400 -200 0 200 400

0.0

0.2

0.4

0.6

0.8

1.0

1.2

-800 -600 -400 -200 0 200 400

ETBr1
Vegetative period

Grain set
Grain filling

ETBr2
Vegetative period

Grain set
Grain filling

ETBr3
Vegetative period

Grain set
Grain filling

ETBr4
Vegetative period

Grain set
Grain filling



Population 1
QTL for leaf elong. parameters

Trait

QTL
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Population 2
QTL for leaf and silk elong. parameters
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Population 2
QTL for leaf and silk elong. parameters
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Effect of leaf and silk QTL on yield (Brazil)
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Estimation of the yield impact of organ-level QTL

The effect of single QTLs with similar effect on leaf growth may have 
substantially different effects on yield in different environments
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II - Connecting understanding of traits
- Root architecture and staygreen in wheat -

40

Growth

Grain Yield

Grain Number Grain Size & N

 Biomass

RADN

TE T RUE Rint

vpd

kl LAISLNRoots k
 TN LNo

A >A

Development

Plant Emergence

Anthesis

Leaf Initiation

Physiol Maturity

T, PP

T, W&N

T, W&N

LNo

A

Growth

Grain Yield

Grain Number Grain Size & N

 Biomass

RADN

TE T RUE Rint

vpd

kl LAISLNRoots k
 TN LNo

A >A

Growth

Grain Yield

Grain Number Grain Size & N

 Biomass

RADN

TE T RUE Rint

vpd

kl LAISLNRoots k
 TN LNo

A >A

Development

Plant Emergence

Anthesis

Leaf Initiation

Physiol Maturity

T, PP

T, W&N

T, W&N

LNo

A

Development

Plant Emergence

Anthesis

Leaf Initiation

Physiol Maturity

T, PP

T, W&N

T, W&N

LNo

Development

Plant Emergence

Anthesis

Leaf Initiation

Physiol Maturity

T, PP

T, W&N

T, W&N

LNo

A



41

Connecting understanding of traits 
– Example of wheat root system architecture –
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Controlled experiments => Seri has a root system more compact

Connecting understanding of traits 
– Example of wheat root system architecture

Christopher et al (2008) Aust J Agric Res 
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Simulated effect of root traits modification on wheat yield

Chenu et al. unpublished
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period 
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